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MAN-MADE FIBRES 


lu the Garden m Eden, Adam and live clothed them- 
selves with lig Le , a\ l:S. Early man, living in harsh dim 
att'ii, wore animal skins. Then, sjo it is thought, people 
hegan collecting wool fibres, torn from l he fleece of 
sheep by bushes- and scrub. Ac first they probably pressed 
the fibres together to make felt. Certainly nomads in the 
Steppes of Russia and Central Asia have been making 
felts For thousands of years, and using [Item For rents 
and clothing. Then people learnt to spin the wool into a 
concitiuou^ yarn. In China they Learn L to Ultra vv l the 
coewrn of the silkworm into a fine silk thread many 
hundreds of yards long.. In India they discovered how 
ro make another kind of thread from the seed hairs of 
the cotton plant and also sacking from jute. In Egypt 
they made Linen from has Men relied on nALtmll film 
;uld looked ior fibres ihal were Strong, supple and com- 
lortabJe Lo wear. 

Artificial ulk - 'll i o idea that man might make fibres 
artificially! instead of gathering them ready-made from 
nature. Came from observing the silkworm. To protect 
itself when it pupates, the silkworm forces OUT □ Liquid 
and the liquid hardens into □ single thread on contact 
with air, enclosing the silkworm, in u cocoon. In lht>4 the 
l-’ngfish scientist RobcrL Hooke, who spenL much of his 
time peering at things under the newly invented micro- 
scope, pondered deeply on this aCCumplislimeill of the 
silkworm. He thought that ’probably there miphi he a 
way found out Lo make an artificial glutinous composi- 
tion much resembling, if not as good, nay be Her, than 
the excrement or whatever substance it be out of which 
rhe silkworm wiredraws his, dew If stidh a compusiuesn 
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weiw found , el were certainly an easy mnrtei to find very 
quid? ways of drawing it out into small wires for me..' 
More than two centuries w-erc to pasts bftbi'v Hooke’s 
dream became a reality. 

The hrst man to set ahnur [Ire manufacture on a large 
scale of an artificial: fibre was a Frenchman called Count 
llilinre de- ChareLonruet who worked fur a Ume with 
Pasteur when he was I nvesti paring the silkworm disease. 
The substance Lhat Chardonnet used was cellulose 
nitrate which also formed the hasia of [he first pEascics^, 
Parkesine and celluloid Others before Chardonnet Lili-J 
tried to make threads from cellulose nitrate hy drawing 
It out of solution with a needle Chardonnet used what 
is called a spinneret whidt^in the way il wnrks, irn.it sues 
i he spinneret in die -silkworm and spider. The spinneret 
sunsets of a nieLLil plate pricked with Liny holes. A 
molten substance forced (or CKrnjdcd) through the holes 
emerges in the form of filaments. 

Sir Joseph Swann tn England was ■searching for a 
new material to make electric light filaments. He alse 
tried cellulose compounds; hut at was not until his 
daughters used "he threads he made to crochet a few 
table mats that tic real bred it would be possible to make 
cloth with them. 

t illardoUnet upcited a factory to make cellulose nitrate 
textiles in 1S89 and, at the Pans txhtbkion ol the sume 
year, he had fabrics on display under the name ol' ' arti- 
ficial silk r . l-lis textiles created a stir in the world of 
fashion, but unfortunately s when touched by a dame, 
they burned fiercely. Chardonnet eventually overcame 
rhe danger of tire by denit rating the cellulose nitrate 
and So producing a fibre of cellulose. Bui by liien his 
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process tor baking fibres was being challenged by 
cithers. 

Tlw Just of these was rhe cuprammcnium process in 
wtikh cellulose is dissolved in an amiMttiaeal solution 
ni copper hydroxide. The soJurton is. forced Ehrnugh tile 
holes of a spinneret into a .stream of water. The lilci ■ 
ntenL-- which form in the water are Lhen parsed through 
di bite sulphuric acid which gers rid of the ’cuptsim- 
muniunT. By ibis process, filaments can be produced 
ihar are finer rhjiri silk, bui nowaday? the process is 
seldom used because it requires very pure cellulose. 
Thus., because of their several drawbacks,, the first arri- 
licial silhs arid fibres did not have a sLarllitsg success. 
The textile trade was not strongly affected until early 
in this century, when factories for making viscose were 
in production 

T?jmht and act' talc - The cellulose raw material used in 
the viscose process is wood pulp, which is cheap itnd 
readily available. The wood pulp is first immersed in 
strung caustic soda which disentangles the long-chain 
cellulose molecules. The alk.il cellulose which results 
is then Created with carbon disulphide to form a 
crumbly yellow solid which: on dissolving in caustic 
Soda, forms a syrupy orange liquid commonly known 
as J viscose f . 13 s? left W ripen tor several days ar scrupu- 
lously controlled temperature and humidity. I he viscose 
is lhen extruded through a spinnereL into a setting bath 
ol' sulphuric add and metal sulphate*. In the setting 
bith. I he caustic soda is neutralized and Lite viscose, 
regenerated to pure cellulose, coagulates to form con- 
tinuous filaments. Finally, the filaments are wound ouL 
■I 
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ol the setting hath. Celhiluac filaments made in this way 
become known as viscose ra$Qti. 

I' h l- rtL":i man-made fibre was ceflukw ij l <.■ ■" :j ( <.■ : this 
substance is not to be found in nature although its main 
component in still cellulose. Cellulose acetarc was origin- 
ally 1 prepared be reacting acetic anhydride with Cotton 
Enters the short hairs of very pure cellulose which 
remain attached to the cotton seed after the long hairs 
have been removed Purified wood pulp is now gener- 
ally used instead of cotton lirtters To convert ir into a 
textile filament, cellulose acetate is dissolved in acetone, 
and rhe solution is extruded through -i spinneret into □ 
current of warm air The acetone evaporates, leaving 
filaments of cellulose acetate. 

Viscose rayon was first used ro make tassels, braids, 
and knitted ties. Cellulose acetate, because it is not in- 
flammable, was fits i used ns n dope m coat the fabric of 
aircraft wings during Lhe First World War, Afterwards, 
it was made into underwear and dress fabrics. 

As people gained experience with These fibres, their 
properties were improved and their uses multiplied. 
Imitating the silkworm, scientists found it useful to 
Stretch the filaments after ihsy had been extruded ltlf 
stretched fl laments were both thinner and stronger. At 
first die reason for dlls was not properly understood j 
hut it was later made clear That fihres were formed of 
long-chain molecules. The increased strength of the 
E laments was caused by the rc-alignment of the mole 
Cldcs, to gLve a more crystalline Structure, Ir was found 
that a variety of yams could be made by cutting the 
continuous filament into short pieces from '.me to eight 
inches long (called staple) and Lhen twisting diem to 
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gether as in ihc traditional spinning of wool and cotton. 
Frnm the staple, it is possible to produce yarns with a 
rugged texture rhaT con be used in materially for s-niLs, 
nr yams which are an fine an high-grade cotton. 

Viscose and acetate,, with their d]fTerrn[ affinities for 
dyes, also opened up new possibilities in the colouring 
of fabrics, For example, the crofcs-dyeing of a mixed 
fabric (say. cellulose acetate and cotton) produced an. 
attractive effect of rwo colours. When this is- done the 
fabric is described as 'shot*, as in shot silk 

tn a siTisl I way, viscose and acetate initialed a social 
change which the newer man-made fibres have per 
petuated clothing no longer an obvious means of 
distinction between rich find poor. At the rime ihat 
rhe-se fibres Were introduced, the first big stores Were 
starting business. Changes in fashion came about mote 
rapidly because these stores were able to Copy cheaply 
the costly clothes of rlu- fashion houses, Silk and satm 
had always been very expensive and dresses made from 
these materials had been made to Iasi for a Jong nmc. 
Cellulose fibres are much cheaper and, as women be- 
came accustomed to huving new clothes more often, 
new fashions were much easier and cheaper to follow, 
Another factor in ibis trend was the increasing freedom 
women had won for diem selves. As they went out to 
work, they had more money lu spend on themselves. 
Because they led more active lives, their skins were 
made shorter. One consequence of this was dial they 
bad to pay more attention to Their stockings, which were 
now visible. It was Lhe introduction first of viscose 
rayon, and then of nylon* displacing silk, which made 
possible Lhe manufacture uf smart and cheap stockings. 
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Moreover the cellulose fibres are hot restricted to the 
manufacture of clothing textiles but are extensively 
used in industry, Most car tyre cords, for example, arc 
made from viscose rayon. 

To look at and to handle, the man-made cellulose 
fibres most closely resemble Lhe protein fibre silk, but, 
because they ate made either from cellulose or from 
cellulp&e derivatives, structurally They are much more 
like the natural cellulose fibre cotton. During the past 
thirty years, a number of different fibres have, in fact, 
been made from proteins — for example, from the 
animal protein ‘casein' which is found in milk and also 
from the plant proteins in groundnuts-. These fibres 
tend to resemble wool, but for various reasons,'- chiefly 
because they arc not very strong their uses are limited. 

For the next important advance- we now mm to nylon 
and Terylene. 

t^yian and 7\:i;yhm’-Nylon was noL lhe first of the com- 
pletely synthetic fib res- some German chemists had 
previously made fibres from polyvinyl chloride -but it 
was the first to reach the headlines.. Et resulted tmm the 
carefully planned research of Wallace H. Carothers, ail 
American chemist of extraordinary genius. 

In 1927 the Du Font Company of America launched 
a research programme to investigates and possibly to 
synthesize. Large molecules of the type found in such 
natural substances as rubber, cellulose 3nd protcins- 
Carcuhers was put in charge of the research. Chemists 
of Lhe Lime knew- Lhei the large molecules nf These sub- 
stance* were made up from the Linking together of much 
smaller molecular units-proteins from amino-acid 
mo [ecu h'S , eel I ulose from glucose molecule s at] J rubber 
from i sop re lie molecules. Carothers's problem was how 
to make small molecular units link together to form 
larger molecules. 

In bis early work, Carotbers investigated a numbei 
of polymerization reactions without thought of ifietr 
practical applications. This; si>nn Led to lhe synthesis of 
neoprene, the first really practical synthetic rubber. 

Garpthers then turned his attention ID the possibility of 
synthesizing a textile fibre. 

Attempts to synthesize natural fibrous materials - for 
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example, cellulose from glucose or pro reins from amino 
acids -had proved abortive. Indeed, no one bus yet 
managed Lo synthesize these complex materials. Work- 
ing like an architect, except that his building bricks 
were molecules, Carothers began Til design rhe types of 
very large molecule that be drought he could make, and 
here he directed his attention to tbe then lirtle explored 
field at condensation polymers ■ t-o u; the Background 
Book,, Plenties). Of the many polymers that be and his 
research team made, the most promt sing ones appeared 
to be polyesters - products resulting from the conden- 
sation reaction between dicarboxylic adds and di- 
alcohoLs. When cooled, polyester fibres could be drawn 
oul to several times their original length into filaments 
rfiat were extremely strong. The Lroubte was Lhal they 
could not be made into cloth because they dissolved too 
easily in water. 

Carothers extended lus in i vstigai ion s » m i up dianun es 
instead of dialoohols. On 28 February 1935 be synthe- 
sized the first polymer from adipic add and hexametny- 
Sene diamine. The general equation for this reaction is 
as follows: 


o H , N(CH j I n K H - o HOOCXCH ,C00 H — 
n ... KS'(CH ; } f . NHOC(CH f ) ,GO , . , 

This polymer appeared to have many of the properties 
desirable in ;i textile fibre. It exlei-ded into filaments 
which, when stretched to several times their original 
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length* possessed many v id uiible qualities- They were 
extremely tough and hard-wearing, Unlike rayon, they 
were as strong when weL as when dry and they were 
more elastic than rayon, i hey were also moth proof, 
they dried quickly because they were relatively non- 
absorbem, and they could be set into permanent 
creases. Du Font named rite polymer ' nylon ' and estab- 
lished a plant tbr the manufacture of nylon filament, 
Most of the raw materials were land still are. derived 
tuber Emm. coat or from petroleum. 

At the 1939 New York World Fair stockings made 
from nylon were on display and immediately there was 
a great demand for them. However, it was not until after 
the Second World Wat that nylon became available in 
any quantity. Because of its special properties, many 
uses were quickly found for it. |r replaced silk and vis- 
cose rayon tor the making of stockings. It was used fo 
make sliirts atld underwear. In its staple form, it was 
used to make socks and. blended with natural fibres to 
make materials for suits, bur fabrics, carpets. Curtains, 
and a host of other textile goods made ol nylon noon 
appeared, ft WS^ used to make many industrial fabrics 
Its lighL weight and strength made it an excellent 
material for parachutes. LaLer. other polyamides -also 
known as nylon -were discovered and manufactured. 
< '.srorbers’s original discovery became known as nylon 
66 because there are six carbon atoms in hexamethylcne 
diarrune and six carbon atoms in adipic acid Newer 
types include nylon ft 10, made from hexamethylcne 
diamine and sc bade acid (10 carbon atoms), and nylon b 
in which -iminoeaproic acid El ,Ni.("!I_ ••COOII: t:- 
condenscd with itself. Nylon 6 was developed indepen- 

12 


fur fabrics 


parachutes 




asT ' 


■b 




dently by German .scientists tiurLc] i| die Second World 
War when there was no rachsngP of information 
between Germany and America. 

Another welt-known synthetic fibre which appeared 
some years after the discovery of nylon was Tcrylene 
'known ill [he United Slates, an Darren:. Terykrle Wits 
discovered by LwO British chemists, ]. R- Whinfietii 
and J T Dickson, who at the time were working at the 
research Laboratories of the Calico Hr inters Association 
Ltd., in ACC! ingtop, Lancashire. 

Tcrylene is a polyester, Carothers had earlier investi- 
gated rhe fibrous pH^sLbililie's of polyesters hut had noL 
heen lucky enough to happen upon Terylene. '['he 
Tcrylene polymer k made by reacting tercphthalic acid 
with ethane- 1, 2 diol (ethylene glycol ■ 

n HOOC f ” - COOU ■ nllOCILCH.OH 

n . . . OC ' GOOCH .ch„o 

'lire stretched Tcrylene filaments have many useful 
properties m common with nylon, though the ditfer- 
ences are enough to avoid duplication. On the one hand, 
I'erylene has a texture more like wool which is why : r . 
is more popular for suits, especially in blends with 
wool. Tcrylene also dries more quickly and, because it 
is little affected by sunlight h ir is panricularly suitable 
for curtain net. On the other hand, Terylene fabrics are 
slightly less hard-wearing, not so elastic therefore 
Tcrylene is unsuiuible for stockings,, and levs absorb- 
ent. The absorbency and texture of both nylon and 
Tcrylene can be improved by doing such things as 
‘crimping* rhe yam TO provide air space-, in Lbe fabric. 

14 


Moll! n r.il Teiylnna 

eri?i;: i ,| liOr -i 6L- unarM 
Ffironn substances Ehrduyli Ihie 
: i’ jM hriflH in - :;.fnnrc:r<?l s Ihc 
wby in wlm 1 1 d 1 ntfii i -< yv >&* 

1 1 'ires nrc n r ~-:i i lead i.C.f- 





* faicicU 

15 '• 'J i‘ . 


cftyfprrti 


moll ^pl n ni n g 


melt spinning 


undrawn tow 


urn ra*M jam 


draw, i: a 


drawing 


crimping 


Ihanl inthnp 


cutting 


alap e due 


lilnmerl -jm 


Flow shntiT showing 
the manijlflctLirh U 
Te^vIohd polymer and 
of Harden e yarn arm 
staple Fibre. 



a hv.rki variety ni o I nines oai < Lm 
made Irtnn rarylarie - aa, lui 
n-iiin-mx-. n; Uie clDRifcS.lhli mnn 
is waaring. Inciudlfiu Oia Par 
! i ur uxtremnly popular 
mnrnrinl tor ■ u1$. e-ihnr or ir? 
own oi tiiandad wiU- olhar ribios 
It z alto eatenarvaly used 1u 
make rum lhmrjr n liphmg linRP 

terpauMa. oonyevor re as. -■■■,] 
Mils t.C.i. 


15 



CIdss jo u r u pIBCd Qr psttWiHfl 
■iihn" mndn ir" T poll throe 
V-J' I SUCh IshhCS vary sbnng 
nd arc unadiKJtUd by rnpEl 
rliun'.'^nls. T htiy cie i U»d to 
-iiakh iiidyi-iriHi dotting 
Coartmilds 


I ii(jtg nia-lc ol patylhirni 
ynrn.Tlnf^ iSfiTE- sn=< Bsponsiws 
in rukc a heauy ballet' no hem 
the bch Maying ttinm IH^aucti 
■□ugh fibiM -i: eolyth«ne h.l ' 
gruuhy tKturecto? Ihuif osekll livap 
Coitnaoiits 



!0 



World production of certain textile fibres 
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Newer syrnham- fibre* - Other well-known synthetic 
fibres arc Orlnn, AcnLm and GtuneLlc. These fibres 
arc made from polyacrylonitrile- produced by poly- 
merizing acrylonitrile (CIJ.. CHCbi ; -and diifet frurrt 
each rnhcT chiefly in added substances Thar affect the 
dyeing properties. All Of therm, in their staple form, 
have textures, resembling wool ol gixd quality. Teklan, 
a copolymer based on equal parts of acrylonitrile and 
vmylidcnc chloride (CH a CCl^’i, is a fibre recently 
developed m Britain with a texture similar to silk. 

Ollier lib res of importance are made from poly- 
ethylene and polypropylene which are much better 
known as plastics. Polyethylene hits been developed 
mainly as a filament for ropes and twines and is used 
extensively in the manufacture of such things as trawl 
nets and deckchair covers. Polypropylene has recently 
been used to make blankets and i because >t is resistant 
to both acid;; and alkalis > protective clothing for build- 
ing and industrial workers. So far no one has invented 
a suitable method Of dyeing these fib res ; at present the 
molten polymer is coloured in bulk before it is extruded. 

Polyure dtane, also widely known as a plasties 
materials is now being used to make fibres with elastic 
properties superior to extruded rubber. Unlike rubber, 
the fibres can be dyed by conventional methods and do 
not perish. 

Properlies of fibre.'- - Hie chemistry of synthetic ti br« 
has much in common with that of plastics, as described 
, rite Background Bonk. P Lunar.. Indeed- most of the 
newer polymers used to make fibres also have uses as 


plasties: Nylon, ior example, is used to make gear 
wheels and Other machine components and Terylene is 
used to make adhesive rape and photographic film. 
However, nut all plastics are suitable tor making fibres. 
For conversion into a textile fibre, there are certain 
properties (outlined below: which a polymer should 
possess. 

/. The chain molecules should be straight (not branch- 
ed), and should not be less than 1,000 Angstroms long. 

2. The molecular units making up the chain should be 
arranged symmetrically and there should be no bulky 
iidu groups. In other words, the structure of the p. ly- 
mcr should be highly crystalline. Drawing out the fila- 
ments after Lhcy have been extruded and so bringing 
ibe long-chain molecules into alignment, greatly in- 
creases the crystallinity of synthetic fibres. 

3 . There should be evenly spaced polar groups in the 
molecular chains to gave strong Internal cohesion in die 
fibres. 

As can be seen from the accompanying table, man- 
made fibres now account for a substantial part of textile 
production, and their Use has alTeeted a numher of 
industries. Obviously this effect has been greatest in 
i he clothing industry. Often textile machinery has had 
to be redesigned; spinning, knitting, or weaving Tech- 
niques have been modified in order to make the fabries. 
Here, a great advantage of sLaple fihre is that, whether 
it be viscose, nylon or any otbci man-made fibre, iL Cftii 
fie spun on all types Of textile machinery -either alone 
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or blended will] natural fibres. Yflm spun on ctelion- 
spitmillg. machinery rends to rescmhJe cotton; yam 
spun cm wool- spinning machinery 10 resemble wool; 
and yam spun OT1 fin* -spin ninp machinery to rc^emhle 
linen. Costs also Lome into it. WIlCsi tliey are intended 
for cutting into staple, the filaments ean be extruded in 
much greater quantity, 

fiecause nearly all die man-made fibres are strong, 
crease-resistant and aw not attacked by moth* they 
have presen Led a challenge to manufacturers using 
natural fibres, Conscqnemly there have been great 
efforts to improve the properties of natural fibres, Wool, 
for example, is often made moth -proud and techniques 
have been devised for putting permanent creases into 
woollen fabrics. Other industries Lhul have been affected 
by man-made fibres arc the dyeing and dry-cleaning 
trades. Fabrics made from synthetic fibres are relatively 
noj! -absorbs’ itt and therefore they have to he dyed and 
finished by new and complex processes. To clean them 
new solvents hove had to be found. The housewife, lock, 
fl.15 ro be HtfCful about washing and ironing because 
fabrics cvm be damaged by too high a temperature. 

As to die hi une, ocher man-made fibres will dnubt- 
less appear as chemists produce more new substances 
suitable for fibre maiuifsicturc. Ir, the meantime- the 
present nutn-made fibres, either on their own cir blended 
wi rh others, otter a hos; of possibilities. Certainly the 
chemist has dramatically changed the clothing industry 
from what it was fifty years ago. 

Oitcslumi 

1. Make a hsi I articles i>l clot lung til Ell in: made from 
iln tbllnwmg fibre-. 

a. Viscose rayon. 
h, Nylon, 
f. Teryiime, 
d. Orton. 

2. What are some of die advantages and disadvantages 
eii i ,.n i wide fibres compared with miuttil fibres.? 
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